Abstract: Business information systems have radically transformed business processes with the emergence of new digital communication forms. However, employees still communicate verbally and on paper as well. This study analyses internal and external communication of three business units through an analysis of 60 to 150 communication genres in each. According to the results, 51% to 59% of internal stored communication was digital adding up to 52-58% when external communication was included. The degree of internal digitalisation correlated better with the outbound than with the inbound communication. In one case, a publication pattern dominated the communication. In another case, a digitalised supply chain pattern drove the digitalisation. In the third case, the internal verbal coordination and the publication pattern were both present. These results suggest that the dominating patterns have major impact on media selection in organisations and guide the digitalisation and emergence of new business information systems.
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Introduction: background
The most successful companies target their IT investments at the productivity levers that matter most for their industries and themselves (Farrell, 2003) . This includes both strategic and operational investments. Key operational application investments are essential in any dimension if the systems are causing performance level problems (Ward and Peppard, 2002,p.242) . Ward and Peppard (2002) suggest including assessment of coverage and contribution of systems to business needs, and any major opportunities to increase business value. The difficulty lies in focusing limited investments to the key areas, i.e., to the critical success factors, "the limited number of areas in which results, if they are satisfactory, will ensure successful competitive performance for the organisation" (Rockart, 1979) .
Today, most enterprises do not have a well-integrated view of their data ( Van den Hoven, 2003) , which is needed to enable better integration of the enterprise with its customers, suppliers, and business partners. Getting correct and complete information requirements is frequently difficult. One of the main reasons for this is the variety and complexity of information requirements (Davis, 1982) . When collecting the requirements for new business information systems you need first to acquire a consistent view of organisational information resource and the extent to which the key information has already been managed and to which it is available in digital form.
Organisational communication provides a potential basis for the development of business information systems and software (Dietz et al., 1998) . As a business unit is the practical level to determine strategy (Ward and Peppard, 2002) , the critical success factors for information systems requirements will be captured at the business unit level. Interestingly, extensive, reliable, and consistent empirical data on communication media usage of organisational communication are more than elusive. Alexander et al. (1997) were one of the first ones to use patterns to facilitate the creation of systems architectures, and some studies (e.g., Katz and Tushman, 1978) have been directed at communication in project settings in terms of communication patterns. Rather than analysing the driving forces for adoption of new information systems, the focus of these studies has been mainly on the importance of communication between the project team and external interest groups (Katz and Tushman, 1978) , on the impact of communication on performance (Allen and Cohen, 1969; Rubenstein et al., 1976) , on the differences in internal and external communication patterns between routine and nonroutine projects (Tushman, 1988) , and on the ad hoc communication situations (Finholt et al., 1990) .
There is a host of common conceptions on media use in organisational communication, such as external communication being more paper-based than internal communication, internal communication being more verbal, and external communication being more media-oriented, etc. The few estimates related to this topic state that typically up to 80-90% of recorded information that is not designed to be managed in databases, can be enacted as documents (Sprague, 1995) , which is in line with estimates of Gartner Group (Blair, 2002) . Eloranta et al. (2001) estimate 75% of the in-house information sharing to be based on electronic media, while they refer to other sources stating that 18% of all document transfers are based on true networking (Hameri et al., 1999) . However, it is not transparent how these estimates were produced, whether they include verbal communication, etc. Further, the data collection process, units of analysis, as well as the scope and classification schemes used in the above-mentioned studies, were not necessarily elaborated and well documented. Thus, clarification of these very basic issues are needed, especially when evaluating the feasibility and demand for new categories of business information systems intended for complementing the existing ERP, SCM, CRM, and content management systems.
Rather than analysing reasons for media choice at the level of individuals or groups (Kock, 1999; Powell et al., 2004) or evaluating financial benefits of ICT investments (Berghout and Renkema, 2001) or analysing the global volume of information (Lyman et al., 2000) , our focus is on filling the dearth by providing quantitative empirical data on communication media usage of organisational communication. The topic is approached using the theory of genres that -especially when genres are employed as an analytical tool or a genre lens (Yates and Orlikowski, 1992; Orlikowski and Yates, 1994 ) -has been successfully applied and used for analysing organisational communication and media use. Practical experience of the use of the concept of a genre as the unit of analysis of organisational genre repertoires, as it is also perceived in this paper, indicates its usefulness to provide insights into business information systems development as well as into organisational and community structuring Päivärinta, 2001; Honkaranta, 2003; Kilpeläinen and Tyrväinen, 2004) . Previous research indicates that adopting a business information system for the core process of a business unit can have a tremendous impact to the total degree of digitalisation of an organisation (Tyrväinen and Päivärinta, 2003; Kilpeläinen and Tyrväinen, 2004) . The concept of a genre enables grounding the findings to the situated complex communicative practices in the specific organisation and processes and applies to verbal communication, data in information systems, and paper as well as electronic documents.
In this paper, we focus especially on quantitative analysis of the differences in digitalisation of internal and external communication of a business unit. The specific questions we address in the three case studies are:
1 Is there a difference between the degree of digitalisation of internal communication and cross-organisational communication, or between inbound and outbound communication?
2 How large is the portion of these that is verbal and how large is the portion that is communicated using paper, digital documents or information systems?
These questions are answered with the quantitative methods while the causes are searched with qualitative analysis, genre by genre. We expect these results to be valuable for the design of new business information systems. The paper is organised as follows. First, we outline the genre-based quantitative method for analysing genre repertoire in the form used in the case studies. Next, we present the three case studies in organisations with different backgrounds, culture, mission, and practices. The goal is to find commonalties and differences between these organisations using the quantitative method. After presenting the raw result data we deepen the analysis by inspecting individual genres in their context, shifting the analysis gradually towards qualitative analysis of the phenomena. This is done by discussing the generality of these phenomena, patterns found, and the applicability of the approach. In the end, we summarize the results and suggest new directions for further research.
Methodology

Baseline
The method described here is a variant of the measurement method of and Tyrväinen and Päivärinta (2003) , which is derived from an analysis method for genre repertoires Karjalainen et al., 2000) . In genre theory a genre of organisational communication represents a typified and recurrent communicative action (Bazerman, 1994) . A genre can be identified by its communicative purpose(s) and, to some extent, by its form(s) (Yates and Orlikowski, 1992) . A set of genres can interrelate in a wider communicative process forming genre systems (Bazerman, 1994; Yates et al., 1997) , such as when genres are related to a business trip, to a travel plan, to an approved travel permission, to a travel cost claim form with hotel bill, and to an accepted bill.
Each community of discourse (Swales, 1999) , such as a business unit, has a repertoire of genres that can be identified with it (Orlikowski and Yates, 1994) . A genre repertoire of an organisation can be elaborated to a level of several hundreds or even a thousand (Tyrväinen and Päivärinta, 2003) of specialised local genres (Yates and Orlikowski, 1992) with specialised content, form, or use separating these genre variants (Crowston and Williams, 1997 ) from generic genres. If the genre repertoire is analysed in the level of detail of some or tens of generic genres, the level of analysis will be rather limited, while extending the analysis to the hundreds of genre variants will enable defining the organisational communication in a more detailed level.
In this paper, we use genres as the unit of analysis during data collection and sum up data of a genre repertoire of a business unit. We expect that there are similarities in the kind of media used, in the volume of communicated information, in the number of communication events, in the number of persons receiving the information etc., which can be identified as dominating communication patterns at the summary level (somewhat analogously to the use of communication patterns in Wohed et al. (2003) . Further, we believe that these communication patterns can be used as a baseline for defining requirements for information systems in which most of the business value would be for each business unit at hand.
Use of genres as the unit of analysis for organisational communication requires elaboration of the genre repertoire to a level where the communication related to the mission of the organisation can be divided into units with specific communicative purpose and specific producers and users of the information communicated. The formal and informal processes of the organisation need to be identified between the processes or roles communicating, in the actual context of the communication. From this viewpoint, the analysis should identify the roles, groups, departments, and processes of the organisation exchanging information as well as the external organisations or parties they are communicating with, all of which are referred to as the PUI entities (producers and users of information, or actors) in the method.
Data collection process using genres
The analysis process starts with a kick-off meeting with the organisation's representatives and researchers (see Figure 1) where the goals and the participants for data collection are identified. These persons are invited to group sessions which are conducted to identify PUI entities and their communication using diagonal matrix technique (Saaren-Seppälä, 1997) . This easy-to-learn technique is used for depicting the communicative context(s) in which genres are produced (Päivärinta and Peltola, 2001) . At the beginning of the sessions the researcher provides a short overview concerning the technique and expected results with concept-specific examples that illustrate the task at hand. During the sessions the researcher observes the progress of group work and confines, promotes, and motivates stakeholders when needed. The participants enumerate first the PUI entities and next the communication between the PUI entities in the form of genres. Each genre is thus grounded in the social process, is named according to the terminology of the domain, and carries information of the specific roles or processes producing this genre as well as of the roles or processes for which this information has been created and of its purpose. During the session, shortcomings on communication and proposals for process improvements are also easily brought up and collected by the researcher and analysed afterwards. Each of these sessions takes two to four hours with five to ten persons. Usually three to five sessions are needed for a business unit. Genre analysis elaborated at the level of detail of genre variants enables annotating the genres with metadata. This metadata describes the communication forms used for the genre and the communication volumes, both specific to the genre variant in a specific context. The quantitative metadata and metadata about communication forms used are collected either in group sessions or with spreadsheets filled in afterwards by selected participants of the group sessions. The collected source data include a number of unique communication instances per year, referred to as annual Unique Instances (UI). The volume of information transmitted in the communication can be measured in pages (A4 or letter-size, for example) in an equivalent volume of displayed information, in the amount of transcript verbal communication, or alike. If multiple persons in the organisation receive the communication, the number of copies is recorded and used in calculations. A spreadsheet application is used for the next two steps to perform calculations summing up the results in four measurement units: annual unique instances (UI), annual unique pages (UI × pages), annual instances (UI × copies), and annual pages (UI × pages × copies). These four values are calculated for each category of communication forms and for the total communication in the organisation. As an example, a single progress report delivered as an e-mail message to several recipients is considered to be a single unique instance. Copies refer to the average number of copies delivered to distinct receivers of the UI. For the media characteristic for each genre (Yates and Orlikowski, 1992) , we considered four options: first, using the approach of Zmud et al. (1990) where 14 communication channels are divided into five categories; second, using the 5W1H framework (Yoshioka et al., 2001; Orlikowski and Yates, 1998) We found these four categories to be sufficient to produce an overall view to the data. In Case Studies 2 and 3 we used the CCF taxonomy, which is the only one that enables analysing the use of alternative digital communication forms and their impact to the organisational practices.
Quantitative and qualitative analysis
With respect to the quantitative metadata, the metadata elements' 'annual unique instances' and 'number of copies' are somewhat intuitive, while measuring the size of communication volume is nontrivial (see Landauer, 1986; Lesk, 1997; Lyman et al., 2000) . Rather than measuring bits, the measurement units should be relevant to human comprehension. Ideally, the metrics should measure information communicated, which cannot be performed effectively for a genre repertoire. From the viewpoint of the business unit analysed, the critical issue seems to be the work time spent on communicating. This is related to the amount of information produced and received, with the assumption that the received information is consumed; i.e., measuring data representing potential information sent and received seems to be feasible. From this viewpoint the approach of Te'eni et al. (2001) , 'message size is the number of semantic units in the message (e.g., words or sentences)', and counting words per minute (Kock, 1999) are relevant for us, but limited to small samples due to practical reasons.
In the case of genre repertoires, the use of 'pages that refer to amount of information equal to a view of the size of a visual letter/A4 page' seems to be a good approximation in our case. For the stored communication forms, a page approximates the number of printed pages in a paper version. A Page is considered to be roughly equivalent to 1-3 kilobytes of plain ASCII encoded text or about one megabyte of bits of a digital image. This approach aims at filtering out the physical size, size in bytes, and other medium-dependent aspects as technical details. Moving over from GIF to JPEG increases the amount of bits substantially but does not affect the amount of information communicated nor the size of instances when measured in pages (see Tyrväinen and Päivärinta, 2003) . Another reason supporting the use of Pages in preference over words is that words cannot be applied to pictures.
Although, the analysis process of a business unit's genre repertoire containing several hundreds of genres is a challenging task for a researcher or a systems analyst and seems to require many weeks of labour effort from the target organisation, it has been accepted as a means to gain overview of organisational communication, in order to bring up the issues requiring revision of communication practices or genre systems that gain most out of new technology (Honkaranta, 2003; . The degree of challenge is high for multiple reasons. First, analysing the data contained in information systems or paper archives of an organisation captures only a small portion of all the communication stored in media. It does not capture verbal communication nor the communicative purpose of the data stored. Due to the lack of common background and language between the employees and systems analysts, communication breakdowns can occur in such an analysis process (Byrd et al., 1992) . Further, capturing detailed information about communication requires the persons enacting the specific genres to be interviewed (Tyrväinen and Päivärinta, 1999) implying a large number of employees and hours to be set aside for the purpose by the organisation in question.
Case studies
Outside the few case studies referred to earlier on this paper, we have not been able to find quantitative empirical data on digitalisation of business units. It is very difficult to motivate key persons of a business unit to spend their valuable time on data collection, and further, to get a permission to publish the results. In this paper, we are in the exceptional situation to present empirical quantitative data from three distinct business units. In each of them, the data were collected according to the method described above. Because of the case and/or business constraints, the data categorisation adopted, period of data collection, etc. vary according to the needs of the case. These constraints are justified by the fact that genre analyses were a part of other research activity that channelled interest into a specific direction. Comparison between these cases is made possible by analysing information communicated per person per day as well as by representing percentages rather than absolute values. Still we must be careful when comparing the results as the data suffer from variation in the data collection procedures. However, comparing these results with each other is more feasible than comparing them with results where the data collection process, units of analysis, as well as the scope and classification schemes used are not disclosed (e.g., Eloranta et al., 2001) .
In the case studies, communication is divided to internal communication of the target business unit and communication crossing the border of the target unit. This later communication is divided further into four categories. First, into inbound communication initiated by others and outbound communication initiated by the employees of the target unit. It is also divided into communication with other parts of the organisation (referred to as 'organisation' and 'O') and parties external to the organisation (referred to as 'External' and 'E'). The resulting five communication categories are the internal communication of the unit (referred to as 'UU', 'unit-to-unit') and the four communication categories crossing the border of the organisation unit (UO, UE, EU, and OU) as described in Table 2 . 
Case Study 1 -university faculty
The first case study is based on data collected on the genre repertoire of a university faculty during the fall of 2001. Here the term 'unit' refers to the 200 faculty employees teaching approximately 1400 students, doing research, taking care of administrative tasks, etc. The term 'organisation' refers to the other parts of the university, with which the employees of the faculty (unit) communicate. 'External' refers to all external parties. This includes the students, as only half of the student communication takes place with the unit analysed. Data about the other half of student communication were not collected. It takes place in between the students, with other parts of the university, and with other parties. The scope of the analysis includes communication within the unit (UU), from the employees of the unit to the others (UE, UO) and communication of others to the employees of the unit (EU, OU). Communication in between the other groups is excluded (OE, EO, OO, EE); e.g., communication of students with other parts of the university is not included in the figures. The scope of the analysis and the figures exclude also a specific service unit of the faculty performing dissemination of research results and research performed on request of external parties. Out of the total 80 PUI entities 52 were internal to the unit, 15 were from other parts of the university, and 13 were external. From the resulting of about 650 genres identified, the analysis includes 148 genres being the results of processes and ignores intermediate genres used for producing the results, in line with the goal of data collection emphasising analysis of long-term digital data preservation. This is assumed to somewhat reduce the figures of the internal communication of the unit (UU), as major part of the intermediate communication is internal to the unit.
Case Study 2 -high-tech unit
This case study is based on data of a genre repertoire containing over 700 genres and 54 internal and external parties collected from a high-tech business unit during the years 1999 and 2000. The target business unit was a site with approximately 400 employees in an enterprise with thousands of employees in multiple continents. Qualitative metadata about the producers and users of information and the communication forms used were collected for all the genres. Quantitative metadata was collected to a subset of 60 genres. This was selected by picking up a random subset of the genres, filtering, and balancing the proportions of genres included to the sample to equal roughly 9% for each of the categories (EU, OU, UU, UO, UE). This was done by picking every 10th genre from an alphabetically ordered genre list and balancing it by accepting also every 5th genre for the least represented categories until the sample contained 9% of each category.
Case Study 3 -industrial unit
This case study is based on data of a genre system of the core process of a specialised industrial unit in process industry approximately corresponding to an annual labour effort of a dozen of persons. The data set describing the genre system with 64 genres and 14 internal and external actors was collected during 2003. Within this data set the communication with other parts of the organisation of the multinational company were excluded due to meet the needs of research project. Thus the data set includes only three categories of communication (EU, UU, UE).
Results
This subsection summarises the results, which will be analysed in Section 4. The total communication volumes analysed in the three case studies are first characterised with overall average values. The average total communication volume per employee varied from about 50 pages per person day in Case Study 3 to around a hundred in the two other cases. The average number of pages per unique instances was calculated from the totals and varied between 1,6 and 2,3, and the average number of copies varied from 1,1 in Case Study 3 to 3,4 in Case Study 2. However, there were major differences in these values between the communication forms used. Table 3 represents the average sizes of communicative actions and the average number of copies in Case Study 1. Copies/UI 6,3 1,4 7,0 1,0 2,1
As can be seen from Table 3 , the average size and number of copies of digital documents were the highest, while communication using information systems contained the smallest amount of data and smallest number of copies on average. This implies that simply categorising communication as 'digital' is insufficient -the analysis has to go into the subcategories of digital communication. In Case Studies 2 and 3 the largest average communication sizes were subcategories of digital documents, being category 'encoded' (e.g., mail messages and simple office documents with little metadata) with 6,6 pages per UI in Case Study 2 and 'semi-structured' (digital documents with substantial metadata) with an average 28 pages per UI in Case Study 3. The highest average number of copies were group meetings with average 24 copies in Case Study 2 while none of the categories reached average three copies in Case Study 3. Table 4 summarises the distribution of communication with respect to the internal and external communication of the unit (the symbols of the column titles are described in Table 2 ). There are five rows representing the distribution using five different metrics for each of the case studies. The four first ones are proportions of the volumes; e.g., in the first case study 13% of all unique communication instances of the unit were internal communication within the unit, while in the third case study 96% were internal to the unit. The fifth row with title 'Genre' represents the portion of communication genres identified to be used for this communication; e.g., in all three case studies about 16% of all communication genres were used for communication from the unit to persons external to the organisation (the column with the title 'UE', the rows with the title 'Genres'). The five leftmost columns represent the proportion of communication adding up to total 100% (with rounded percentages) while the four rightmost columns represent subtotals. Table 6 , in Case Study 3, the digitalisation of 'All Pages' of 'Internal UU' communication is about 33%, while the rest includes 23% of communication with paper documents ('Analogue') and 45% of 'Other' communication. When the impact of 'Other' is excluded, the result will be found in Table 5 , whereas in Case Study 3 the digitalisation of 'All Pages' in 'Internal' communication is 59%. 
Analysis and discussion
Applicability of the method
Based on the three case studies, we agree on the previously reported comments on the elaborate nature of qualitative and quantitative (Tyrväinen and Päivärinta, 2003) analysis of genre repertoires. However, in this study the elaborate method and quantitative analysis were needed for quantifying the commonalties and differences of the three business units. With respect to the discussion on the metrics to be used (Tyrväinen and Päivärinta, 2003) , we found use of 'a page' to be useful due to its independence of the format used. This measure can also be converted to the number of words, when comparing the results with those of other researchers (Kock, 1999; Te'eni et al., 2001) . The degree of digitalisation was found to be rather different with the different measures used. From the viewpoint of the practitioners (Slywotzky and Morrison, 2000) this may be considered problematic, as there seems to be no single measure for digitalisation of an organisation. The differences in message sizes and in numbers of message receivers brought up the characteristic patterns of communication described above. These might not have been as easy to observe otherwise when going through the genre repertoire or when picking up random genres from them for further analysis. Thus, we recommend the use of multiple measures in parallel, whenever they are well described.
Summary, conclusion, and further research
This study used genres as the unit of analysis for analysing digitalisation of internal and cross-organisational communication of business units in three case studies. Target business units consisted of high-tech and industrial units as well as a university faculty. The study contributes by providing well-documented reference points on multiple variables measuring digitalisation of internal and inter-organisational communication in real-life genre repertoires. Thus, these reference values can be used as a basis for a wide spectrum of further research.
In contrast to the study of Hameri et al. (1999) , the digitalisation of cross-organisational communication seems to be at the same level as internal communication in all the case studies. Nevertheless, more variation can be seen in digitalisation of inbound and outbound communication depending on the metrics used. Generally speaking, outbound communication used digital forms in slightly over half and inbound communication in slightly less than half of the cases of university faculty and high-tech unit when observing all communication. In the industrial unit, some digital reports received increased the digitalisation of inbound communication to over 80%. It was also seen that digital media was preferred in small transactional communication while verbal and paper publication were used more for large message sizes in the university and high-tech cases. The digitalisation of total communication volume was the highest in the high-tech unit (55%) whereas the two other cases stayed slightly under 50%.
We found communication patterns reflecting the needs of the business units to impact on the degree of digitalisation and the information systems needed. The publication pattern was predominant in the university case. An automated cross-company supply chain pattern rose the degree of digitalisation of outbound communication to about 60% in the high-tech unit. The results of the industrial unit were diverging when compared with the other two cases. A strong publishing of paper and digital documents and verbal coordination patterns constitute a major part of all communication of the unit. This difference can be explained to some extent by the dissimilarity of the businesses. Industrial settings are traditionally less information-intensive while the fluency of operational process calls for rapid actions. Thus, the information systems are first of all used to automatically observe the process instead of acting as a communication tool. IT provides also a planning and reporting tool by which operations and decisions made during the process can be documented easily afterwards.
We also found out that the digitalisation of communication patterns was influenced by the communication volume. Thus, we suggest that communication volume and dominating communication patterns impact on media selection in organisations even if the contemporary frameworks (Te'eni, 2001; Trevino et al., 2000) do not address it.
We are aware that there was some variance in the data collection procedures, although the same method was applied in each. The processes and results are documented and better comparable with each other than with any of the other published quantitative results we are aware of. Anyhow, we hesitate to draw general conclusions based on these results only.
This study opens a great diversity of directions for further research. First, and somewhat unexpectedly, the external communication seems to be almost at the same level of digitalisation as the internal communication of the business units. We call for further case studies on various businesses to confirm or deny the generality of this observation. Possible impact of digitalisation of ad hoc communication is another topic for further research.
Another area of future research is the convergence of the communication patterns in real-life case studies combining quantitative and qualitative genre analysis of genre repertoires. The first trend is the transformation of genre systems from verbal communication into a digitalised supply chain pattern or to virtual teams (Powell et al., 2004) . This trend seems to address not only small interactive communication units, but also somewhat large, structured digital documents, as in Case Study 2. The other trend is the transformation from analogue publication to digitalised publication, which seems to partition large documentations and lectures into smaller, reusable content units. The interesting area is in the middle ground where these two trends merge into consistent computer-enabled content management of a business unit. In order to address these issues, further research needs to use more detailed categorisation of digital communication forms. In Case Study 1 our source data included only categories 'digital documents' and 'information systems' for digital data, while in Case Studies 2 and 3 the classification was elaborated to CCF subcategories for digital documents (e.g., digital image, encoded, semistructured documents, and structured documents). However, this analysis was left for future research due to limited space and due to lack of comparative data from Case Study 1.
